ABSTRACT---Coastal coral reefs, especially in the Florida Keys, are declining at a disturbing rate. Marine ecologists and reef scientists have emphasized the importance of establishing nonmarket values of coral reefs to assess the cost effectiveness of coral reef management and remediation programs. The purpose of this paper is to develop a travel cost -contingent valuation model of demand for trips to the Florida Keys focusing on willingness to pay (WTP) to preserve the current water quality and health of the coral reefs. The stated and revealed preference models allow the marginal valuation of recreationists to adjust depending on current and planned trip commitments in valuing nonmarginal policy changes in recreational opportunities. The integrated model incorporates key factors for establishing baseline amenity values for tourist dive sites, including perceptions of reef quality and dive conditions, the role of substitute sites, and the quality and availability of tourist facilities and recreation opportunities. The travel cost and WTP model differ in identifying critical variables and provide insight into the adjustment of trip decisions across alternative destination sites and the valuation of trips. In contrast to the travel cost model, a measure of the availability of substitute sites and total recreation activities does not have a significant impact on WTP valuations reported by snorkelers. Snorkelers engage in a relatively focused set of activities, suggesting that these recreationists may not shift expenditures to other sites or other recreation activities in the Florida Keys when confronted with increased access costs for the snorkeling experience.
I.Introduction
Coastal coral reefs, especially in the Florida Keys are declining at a disturbing rate, highlighting concerns that coral reefs in all the tropical seas are threatened by degraded ecological conditions originating locally, regionally, and from distant continents. The rate at which coral reefs in the Florida Bay are disappearing is characterized as "stunning" by ecologists, with some portions projected to disappear within 10 to 25 years (The New York Times, 1994) . Dustan (1999) noted that coral reefs are the most complex and productive ecosystems in the sea and may prove to be "the fragile harbinger of change warning us of declining oceanic health." As a result, reef scientists have emphasized the importance of establishing nonmarket values of coral reefs to assess the cost effectiveness of coral reef management and remediation programs.
In an international context the value of coral reefs in terms of biological wealth along with the economic and environmental services they provide was noted in Reefs at Risk (Bryant et al., 1998) . Tourism is an emerging and fast growing industry throughout the global economy and coral reefs are a major attraction for snorkelers, scuba divers, recreational fishers, and beach vacationers. The Reefs at Risk report noted that more than 100 countries benefit from the recreational values associated with reefs. Across the globe nearly half a billion people are located within 100 kilometers of a coral reef and benefit from the production and protection of this aquatic ecosystem. The coral reefs of Southeast Asia face the most severe threats yet are also the most species-rich reef ecosystems. The Reefs at Risk report calculates that more than 80 percent 2 of these reefs are under high or medium risk, primarily due to coastal development or fishingrelated pressures.
The U.S. Congress recognized the degradation of the Florida Keys ecosystem due to direct physical impacts and indirect impacts and passed the Florida Keys National Marine Sanctuary and Protection Act (FKNMSPA) of 1990. The Act requires the National Oceanic and Atmospheric Administration (NOAA) to develop a comprehensive management plan to govern the overall management of the Sanctuary and to protect the Sanctuary resources and amenities. A primary objective of the FKNMSPA was to provide a management system which is in harmony with an environment whose long-term ecological, economic, and sociological principles are understood while allowing appropriate sustainable uses.
The Florida Keys National Marine Sanctuary, extending approximately 220 miles southwest from the southern tip of the Florida peninsula, consists of approximately 2,800 nm 2 of coastal and oceanic waters, and the submerged lands, surrounding the Florida Keys, and extending westward to encompass the Dry Tortugas, but excluding the Dry Tortugas National Park. Within these waters are spectacular, unique, and nationally significant marine environments, including seagrass meadows, mangrove islands, and extensive living coral reefs. These marine environments support rich biological communities possessing extensive conservation, recreational, commercial, ecological, historical, research, educational, and aesthetic values that give this area special national significance. Reef ecologists view these environments as the marine equivalent of tropical rain forests in that they support high levels of biological diversity, are fragile and easily susceptible to damage from human activities, and possess high value if properly conserved.
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The economy of the Florida Keys is also dependent upon a healthy ecosystem. Over three million tourists visit the Keys annually, participating primarily in water-related sports such as fishing, diving, boating, and other ecotourism activities. In 1991, the gross earnings of the Florida Keys and Monroe County totaled $853 million, over 54 percent of which came from services provided as part of the tourism industry or related retail trade.
In March 2000, the U.S. government announced a long-term plan to save coral reefs,
proposing that 20 percent of all coral reefs in American-controlled waters would become ecological preserves by 2010 (The New York Times, 2000) . The designation would protect the coral reefs from pollution, fishing and any other activities that could harm the reefs. Tourism based on scuba diving is the economic service of greatest importance to reef-based economies, suggesting that maintenance of sustained reef tourism is a central element in the justification of marine protected areas (Pendleton, 1994) . Davis and Tisdell (1996) noted the importance of developing models to establish baseline amenity values for tourist sites such as dive sites. Factors as a diver's perceptions of reef quality and dive conditions, the role of substitute sites, and the quality and availability of tourist facilities and recreation opportunities influence nonmarket valuations and choices of tourist sites and dive locations. The need for on-site surveys and applied valuation methods such as travel cost and contingent valuation models is highlighted by reviewing the Reefs at Risk report.
The emerging literature on combining stated and revealed preference techniques implicitly recognizes that contingent valuation (CV) and travel cost methods are complementary valuation 4 techniques, which work together in applied benefit estimation scenarios. Models based on revealed preference and stated preference data are classified in two main modeling frameworks by Herriges, Kling, and Azevedo (1999) , who also reference key research in this area. The survey data have been combined using both random utility models and continuous demand functions.
In pooling models, both the revealed preference and stated preference surveys have the same format: travel cost data on prices and quantities are pooled with contingent valuation data on prices and quantities and the same set of variables appear in each model. Econometric specifications can be based either on discrete choice models or continuous demand functions.
Rosenberger and Loomis( 1999) estimate a pooling model for travel visit decisions and contingent behavior trip decisions for valuing agricultural land as open space. A second framework develops combined models in which the SP data takes on a different format than the RP data. For example, a travel cost model is combined with a dichotomous choice CV question which elicits "yes" or "no" responses (Cameron, 1992) .
The basic objective of both approaches is to validate or test the consistency of the SP data, assuming that the RP are true. An underlying goal of these studies is to use revealed preference data to anchor or benchmark the consistency and validity of the stated preference data.
McConnell, Weninger, and Strand (1999) state that joint estimation using RP and SP information can be used to calibrate SP valuation models. The underlying assumption is that the revealed preference data is true and the stated preference responses should be tested for consistency. The travel cost model is used as the framework for establishing whether the contingent valuation 5 model is consistent with behavior. The information contained in the combined approaches also promotes more efficient estimates of empirical welfare measures.
An alternative research agenda recognizes that SP surveys contain different types of information than RP surveys and the information should be used to describe the preferences of respondents more accurately. McConnell, Weninger, and Strand note that on-site surveys implicitly establish a lower bound on WTP by sampled respondents. The nature and location of the CV survey also provides information that should be incorporated into the decision model and econometric specification when using information from revealed preference and stated preference surveys. The timing of information gathered in administering the CV survey naturally occurs after the observed trip and provides another source for framing information about preferences. Carson, Hanemann, and Steinberg (1990) emphasize the importance of accounting for current access and use conditions for nonmarket goods along with constraints and opportunities that affect valuation and participation decisions. Consumer willingness to pay for environmental goods and marginal valuations of these goods depends both on current use and future or expected participation patterns. For example, the willingness to pay for a fishing license may depend both on the number of fish permitted by the license and the individual's expected catch rate in the absence of any special license requirements. Our model uses information about current and observed trips from the travel cost model along with projected site visits to a recreation site elicited from the contingent valuation scenario. The basic objective is to incorporate information from the complementary survey methods to identify the key variables that affect current and future trip visits to the Florida Keys coral reefs.
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The paper is organized in five sections. The second section outlines the travel cost model of demand for trips to the Florida Keys and the contingent valuation model examining willingness to pay (WTP) to preserve the current water quality and health of the coral reefs in the Florida
Keys. The framework builds on Englin and Cameron's (1996) assessment that information about actual and observed trips should be used to anchor responses for nonmarket resource valuations.
The third section deals with survey design, data and the econometric specifications for estimating travel cost and contingent valuation models. The fourth section presents and analyzes the results of the econometric models with interpretations focused on management implications for the Florida Keys. The fifth section concludes the paper and assesses the value of the nonmarket valuation models for interdisciplinary research issues in managing coastal and marine resources.
II. Models
The demand for natural resource based recreation visits to the Florida Keys/Key West area A subsample of these participants in natural-resource based activities (in both summer and winter seasons) also received contingent valuation questionnaires. The number of administered contingent valuation surveys was constrained by the project budget and contractual arrangements with the on-site interviewing group, Bicentennial Volunteers, Inc. However, the interviewers administered all surveys on-site directly to participants resulting in a response rate approaching one hundred percent. Leeworthy and Bowker (1997) suggest that this specification is appropriate for situations where group travel to the recreation site by automobile is common as in the Florida Keys. Ward and Loomis (1986) note that this definition of recreation trips assists in mitigating the adverse impacts for model specification which can occur when the dependent variable takes on a limited range of values. The empirical model derived from the contingent valuation survey recognizes that the respondent's true but unobserved maximum WTP depends on respondent characteristics and site- is evaluated in the econometric model.
IV. Model Estimation and Results
The travel cost model for annual number of per-person trips and the contingent valuation model for WTP were estimated for snorkelers visiting the Florida Keys. We interpret the results from the travel cost model and the estimated welfare measures, comparing the results with previous research on the valuation of recreation visits to the Florida Keys. The implications of the WTP model are then discussed. Table 3 shows results for the truncated negative binomial specification of the travel cost model. The distribution of the trips variable is examined for evidence of overdispersion in testing whether the conditional mean and variance of trips are equal given the explanatory variables in the model. The proportion of recreationists engaging in only one trip was 23.2 percent while 32.6 percent took two trips with a gradual decline in participants who commit to more than two trips.
Travel Cost Model Interpretation and Welfare Estimates
The sample mean of 4.79 trips along with a sample variance of 10.28 indicates substantial overdispersion in the number of trips. The hypothesis of no overdispersion was rejected based on the auxiliary regression tests proposed by Cameron and Trivedi (1990) . The Lagrange Multiplier (LM) test statistics of 2.161 and 3.425 both exceed the 5 percent critical z-value. Marginal effects representing the effects of changes in the number of trips for a one unit change in a given factor are calculated as the mean number of trips multiplied by the estimated coefficient on that factor. Statistical significance for the price elasticity of demand measure is also noted and interpreted.
The coefficient for the travel cost measure is negative and statistically significant, confirming a downward-sloping demand curve. The demand elasticity from the model is -0.39 and aligns with reported estimates of the demand for snorkeling and for recreation visits to the Florida Keys. Leeworthy and Bowker (1997) estimate a price elasticity of -0.30 in a pooled model for all natural-resource based visits to the Florida Keys. Davis and Tisdell (1996) suggested that user permits or increased fees could be used to manage congestion or control the number of divers at a site. Estimated demand elasticities for snorkeling and recreation visits are important in providing information to assess shifts in visitation patterns as fees and user permits are imposed.
The availability of alternative sites has a significant negative effect on number of trips, suggesting that visitors to the Florida Keys consider shifting travel plans and participation choices when information on amenities and recreation opportunities at alternative sites is made available. Trips by snorkelers to the Keys are not closely linked to household characteristics such as age and household income as the coefficients on these factors are not statistically significant. Leeworthy and Bowker (1997) indicated that age and household income do influence participation patterns for natural resource based trips and that these patterns differ across the winter and summer seasons. These relationships were not confirmed for the subsample of visitors who are interested in snorkeling vacations to the Florida Keys. The consumer surplus per day for visitors who plan to increase visits above current levels is $207. This value is about 59 percent higher than for visitors with no plans for more visits.
Recreation managers along with commercial service providers such as hotels, eating establishments, and other tourist services find these breakdowns useful in identifying and targeting visitors who indicate they will return for future visits. Tourists in this group place higher values on access to the Florida Keys. 
WTP Model Interpretation and Implications
Maximum likelihood estimates for the WTP model are presented in Table 3 The consumer surplus per day for visitors who plan to increase visits above current levels is $207. This value is about 59 percent higher than for visitors with no plans for more visits.
Recreation managers along with commercial service providers such as hotels, eating establishments, and other tourist services find more detailed breakdowns of WTP useful in identifying and targeting visitors who indicate they will return for future visits. Avid, repeat visit tourists place higher values on access to the Florida Keys.
V. Conclusions
Highlighting the crisis facing coral reefs, Risk (1999) commented on the inability of the scientific community to establish programs to monitor, evaluate and rededicate these resources.
The techniques applied here may increase awareness among marine scientists and reef ecologists about the role of nonmarket valuation methods in assessing the economic importance of these resources. Sturgeon (1992) mentioned the key role of contingent valuation methods in developing measures of WTP for coral reef preservation. As reefs around the world face accelerating damage due to over exploitation and indirect human impacts, he noted that "part of the problem stems from the fact that the full economic value of coral reefs is rarely appreciated" lending weight to the valuation methods applied here. A contingent valuation survey was used to elicit from snorkelers the maximum amount in additional expenses they were willing to pay before they would cease visiting the Florida Keys over the next 12 months. Maximum acceptable WTP was estimated using a Tobit model, recognizing that trip valuations may depend on current and planned visits to the Florida Keys.
A critical issue in the management and provision of coral reef access for snorkeling is to examine how the estimated marginal valuations from the WTP model depend on the recreationist's current and prospective number of trips. Leeworthy and Bowker (1997) suggest that a major limitation of current nonmarket valuation studies is the inability to forecast beyond current baseline conditions. Conservative modeling assumptions are typically invoked that demand for trips to the Florida Keys will increase and that the nonmarket economic user values will also 
